Abstract: Multicomponent reaction of dimedone or 1,3-dimethylbarbituric acid and malononitrile with a series of bis(indoline-2,3-diones) afforded the corresponding bis(2-amino-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile) and bis(7'-amino-1',3'-dimethyl-2,2',4'-trioxo-1',2',3 ',4'-tetrahydrospiro[indoline-3,5'-pyrano [2,3-d]pyrimidine]-6'-carbonitrile) derivatives in good to excellent yield.
Introduction
Spirooxindoles are interesting synthetic molecules in heterocyclic chemistry because of their wide variety of applications.
1−3 They represent essential substructures of many natural and biologically active molecules such as horsfiline, 4 spirotryprostatin B, pteropodine, 5 and gelsemine 6 ( Figure 1 ). Moreover, C -C bond formation via the Michael addition reactions of cinnamonitriles with compounds containing active methylenes is an interesting route for the synthesis of chromene and fused chromene derivatives. 7−10 4 H -chromenes are an important class of heterocyclic compounds of considerable interest, due to their wide range of biological activities (Figure 2) including anticancer, 11−14 antimicrobial, 15, 16 and antiinflammatory activities. 17 Some chromene derivatives were used in the treatment of neurodegenerative diseases. 18 2-Amino-4 H -chromene derivatives bearing nitrile functionality also have numerous applications in the treatment of human inflammatory diseases, such as psoriatic and rheumatoid arthritis. 19, 20 They have also been studied for the potential treatment of neurodegenerative disease, such as Parkinson disease, Huntington disease, Alzheimer disease, and AIDS-associated dementia as well as for the treatment of schizophrenia and myoclonus. 
30,31
In addition, multicomponent reactions (MCRs), which provide easy and rapid access to plenty of heterocyclic compounds, have the advantages of both atom economy and selectivity. 32−41 As a part of an ongoing re- expected that the synthesis of these molecules in the form of bis(spirooxindoles) can lead to the discovery of new active drugs.
Results and discussion
The bis(indoline-2,3-diones) 3a-d were chosen as precursors. In the first step, they were prepared via the direct reaction of 1 H -indol-2,3-dione 1 with the appropriate dibromo compounds 2a-d in the presence of anhydrous The structure of compounds 6a-d was supported based on spectral data. Thus, the 1 H NMR spectrum of 6b revealed two singlet signals at δ 1.04 and 1.05 ppm for the four methyl groups. It also showed characteristic multiplets in the region δ 2.18-2.44 ppm for the dimedones H6 and H8. The multiplet at δg 5.10 ppm is assigned to the NCH 2 group. The other signals appeared at their expected positions. Furthermore, the 13 C NMR spectrum of 6b was found to be in agreement with the proposed structure; it showed the methyl signals at δ 27.1 and 27.5 ppm. The spiro carbon appeared at δ 41.0 ppm. It also featured a CN signal at δ 117.5 ppm. The two carbonyl groups appeared at δ 179 and 195 ppm. All other carbons appeared at their expected positions. The formation of 6 could be explained by the following plausible mechanism. The reaction occurs via an initial Knoevenagel condensation of 3 with malononitrile 4 to yield 7. The Michael addition reaction occurs via an initial addition of the dimedone CH to the activated double bond in 7 to yield 8, which cyclizes into 9. Intermediate 9 tautomerizes into the final isolable product 6 (Scheme 3).
In support of this mechanism, we managed to isolate the Knoevenagel condensation products 7 in some cases. Thus, Knoevenagel condensation of one mole of 3a-c with two moles of malononitrile 2 in ethanol in the presence of piperidine as a basic catalyst afforded the corresponding bis(2-oxoindoline-1-yl- Moreover, alternative synthesis of 11a-c via the direct reaction of compound 10 with 7a-c was also performed in good yields (Scheme 6).
The chemical structure of compound 11 is well established based on spectral tools. Thus, the 1 H NMR spectra of compound 11c revealed two singlets at δ 3.04 and 3.41 ppm for the two types of N -methyl groups. The multiplet at δ 4.86 ppm was assigned to the methylene groups. Moreover, the multiplets at δ 6.68-7.62 were assigned to aromatic protons. It is noteworthy to mention that our attempts to get compounds 6 and 11 via reaction of monopodal spirooxindole 12 40 and 13 41 with the appropriate dihalo compounds 2 using a mild base were unsuccessful ( Figure 3 ). 
Conclusions
We developed an efficient synthetic strategy for novel bis(spirooxindoles) incorporating 4H -chromene-3-carbonitrile as well as pyrano [2,3-d] pyrimidine-6-carbonitrile derivatives via one-pot three-component reactions of the bis(indoline-2,3-diones), malononitrile and dimedone or 1,3-dimethylbarbituric acid in good to excellent yield. The advantages of the reactions are effortlessly accessible starting materials, operational simplicity, and wide extension to acquire assorted diversity of the products.
Experimental

Apparatus and chemicals
Melting points were measured with a Stuart melting point apparatus and are uncorrected. The IR spectra were recorded using a FTIR Bruker-vector 22 spectrophotometer as KBr pellets. The 1 H and 13 C NMR spectra were recorded in DMSO-d 6 as solvent on a Varian Gemini NMR spectrometer at 300 MHz and 75 MHz, respectively, using TMS as internal standard. Chemical shifts are reported as δ values in ppm. Mass spectra were recorded with a Shimadzu GCMS-QP-1000 EX mass spectrometer in EI (70 eV) model. The elemental analyses were performed at the Micro Analytical Center, Cairo University.
General procedure for synthesis of compounds 6a-d and 11a-d
Method 
1',1"'-(Butane-1,4-diyl)bis(2-amino-7,7-dimethyl-2',5-dioxo-5,6,7,8-tetrahydrospiro[chromene-4,3'-indoline]-3-carbonitrile) (6a)
Red crystals (0.62 g, 86% (method A); 0.61, 84% (method B)); mp 294-296 
2,2'-((1,4-Phenylenebis(methylene))bis(2-oxoindoline-1-yl-3-ylidene))dimalononitrile (7c)
Red crystals (0.42 g, 85%); mp > 300 
